Abstract
Introduction

61
To date, several approaches have been used to profile miRNAs in biological samples. and electrochemical impedance spectroscopy.
98
Despite remarkable analytical performances, these methods have been limited by the 99 short length of miRNA, which creates significant challenges in sandwich hybridisation assays 100 or amplification assays, necessitating the development of somewhat complicated approaches.
101
The use of structurally responsive molecular beacons (MB) has been shown to be a is made possible by their stem-and-loop structure and by their ability to change conformation 107 upon recognition of the target (Tyagi and Kramer, 1996) .
108
Gold nanoparticles (AuNPs) as labels have been widely used in diagnostics and detection 
136
In order to facilitate the handling of the sample, RNA sequences were replaced by RNA-137 mimics oligonucleotides (miRNA-21); these consist of DNA sequences in which thymine was 138 replaced by desoxy uridine (Kor et al., 2015) .
139
The RNA-mimic model, a synthetic oligonucleotide with a DNA sugar backbone and 140 RNA pyrimidines and purines (A,U,C,G), has the advantage of being more stable when 141 compared to RNA. DNA-DNA and DNA-RNA duplexes have different thermodynamics and 142 stability due to the differences in backbone structure and conformations; nevertheless these 143 differences are not significant in the case of sequences containing 50% or more of dA/(U.T) 144 (Lesnik, 1995) and in the presence of salt (Lang, 2007) . The sequences used in our work 145 contained more than 50% of dA/(U.T) and all experiments were performed in 10 mM 146 phosphate buffer (PB) containing 500 mM NaCl. Therefore, it is reasonable to suggest that 147 under our assay conditions no significant differences, in terms of stability and duplex 148 formation thermodynamic, can be expected using RNA-mimic instead of RNA. experiments were performed at room temperature (21 C).
180
UV-vis measurements were performed using a SHIMADZU UV-2450 spectrophotometer
181
(Shimadzu, Japan) with a 0.5 nm resolution. The particle size of the AuNPs and biotin-MB-
182
AuNPs conjugate were measured using a Zetasizer Nano ZS90 (Malvern Instruments Ltd.,
183
Worcestershire, UK) using dynamic light scattering. The measurements were performed at 21
184
C and the mean zeta potential values were calculated by taking an average of 3 repeated 185 measurements.
187
Preparation of gold nanoparticles (AuNPs)
188
AuNPs were synthesised according to the citrate reduction of HAuCl4 according to a Prior to functionalisation, the glassy carbon electrode was sequentially polished with 0.3 214 and 0.05 µm alumina slurry, followed by ultrasonic cleaning in ethanol and ultrapure water.
215
The electrode was then rinsed with copious amounts of double-distilled water, dried with 
238
In brief, the blood sample was allowed to clot at room temperature for 30 min. and then 
251
There are three key aspects that regulate the generation of the signal in the proposed 252 biosensor: i) the opening of the MB, with subsequent exposure of the biotin functionality,
253
following the recognition of the target miRNA; ii) the capture of the miRNA-21/biotin-MB-
254
AuNPs complex onto the transducing electrode, via biotin/neutravidin interaction; and iii) the 255 catalytic properties of the AuNPs which result in a reduction in the charge transfer resistance.
256
In a typical experiment, described in Scheme 1, the sample is spiked with an optimal containing 500 mM NaCl, pH 7.5, according to the protocol described in the Materials and
310
Methods section (section 2.6). As can be seen from Figure 1A , the signal observed in the case 311 of neutravidin-modified surface was twice that recorded for the streptavidin-modified surface.
312
This result could be associated with the electrostatic repulsion between the highly negatively 313 charged biotin-MB-AuNP/miRNA-21 complex and the streptavidin on the surface at pH 7.5.
314
In contrast, the neutravidin surface remains non-charged and this facilitates the specific 
345
The relationship between recognition/capture time and biosensor response was also A comparison with selected literature is presented in Table 1 . As it can be seen from this 
406
The low CVs of below 5%, confirmed the good reproducibility of the assay. in the spiked serum samples are compared in Table 1 and the correlation plot (measured 440 concentration using the standard addition method vs the actual concentration) is shown in 441 Figure 3B . As it can be seen from 
Conclusion
450
We report the development and evaluation of an impedimetric biosensor for the detection containing 500 mM NaCl, 2.5 mM of K3Fe(CN)6 and 2.5 mM K4Fe(CN)6). Table 2 : Actual and measured concentration of target miRNA-21 in spiked serum samples. 
